It has been shown in this laboratory* that an erythema dose of x-rays produces in the skin layers of mice a reaction characterized by lymphoid infiltration coincident with a local increase in resistance to transplanted cancer. Moreover, it was found that while the x-rayed areas are refractory to subsequent intracutaneous inoculation of cancer, subcutaneous inoculations beneath the x-rayed areas result in the same number of growths as in the normal areas. These experiments were offered as a probable explanation of the fact that many skin cancers in man are readily influenced by x-rays while identical cancers in the superficial lymph nodes are controlled with great difficulty, if at all, by the treatment.
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The exposure of open wounds to x-rays at the time of operation for the removal of cancer ih man has been frequently advocated, particularly in cancer of the breast' for the purpose of destroying any remaining cancerous tissue. While the results are stated to have been satisfactory, it is diificult to judge the value of the method in the treatment of human cancer in which it is impossible to provide a suitable number of controls.
Hill, Morton, and Witherbee have shown that mouse cancer cells are not killed by x-rays in vitro in doses much greater than those tolerated by the skin.' Yet as stated above, a much smaller dose will render the skin resistant to implants of a strain of this same cancer.
Hence it became desirable to determine whether or not direct exposure of the deeper tissues renders them refractory to implanted cancer.
Tumor Inoculation after Exposure of the Subcutaneous Tissue to X-Rays.
Normal white mice were etherized, shaved over the abdomen, and under aseptic conditions a rectangular skin flap was made beginning at the midline and extending about 1.5 cm. laterally across the abdomen. The incision was made so as to leave the skin attached at the distal end and the flap was separated from the underlying structures so as to include all of the subcutaneous tissue down to the muscle. The under side of the flap and the exposed muscle, after being covered with gauze wet with salt solution, were given directly a dose of x-rays governed by the following factors: 3 inch spark-gap, 10 milliamperes, 6 inch distance, 2½ minutes. With the exception of this area the animal's body was protected by sheet lead. Immediately after the treatment a cancer graft was introduced into the loose connective tissue of the under side of the flap and the skin sutured back into place. As a control, another series of animals was treated in precisely the same fashion except that no x-rays were given.
In practically all of the animals of both series the wounds healed within 5 or 6 days by primary intention, with no detectable difference between the x-rayed and control animals. Weekly examinations were made to determine the fate of the cancer grafts and later verified by autopsy.
The results of four such experiments are given in Table I . I t is apparent from these experiments that an erythema dose of x-rays given directly to the subcutaneous tissue brings about some change which renders this tissue decidedly less suitable as a soil for the growth of implanted cancer (Text- fig. 1 T~xT-FIG. 1. ~Results of ino~aflation of tumor into subcutaneous tissue previously exposed directly to x-rays, compared with a like inoculation in normal mice, interest is that the cancer grafts which took in the x-rayed animals showed a tendency to grow inward toward the abdominal cavity with a fiat inactive base on the side near the skin. Some of these did not produce even a slight elevation of the overlying skin and wer4 only detected at autopsy.
To serve as a control for the above experiments and in order to confirm the finding that the effect of a local erythema dose of x-rays applied to the skin does not extend to the underlying subcutaneous tissue, the following experiment was carried out.
Subcutaneous Inoculation of Tumor after Exposure of the Skin to X-Rays.
Ten normal white mice were given a dose of x-rays over the left lower quadrant of the abdomen, the dose being governed by the same factors as those used in the preceding experiment. Immediately following the exposure, a skin flap was made in the x-rayed area and a cancer graft (Bashford No. 63) was introduced into the loose areolar tissue of the under side of the flap and the wound closed with sutures. The tumor grew in all of these animals, from which it may be concluded that an erythema dose of x-rays given to the intact skin does not increase the resistance of the underlying subcutaneous tissue.
Tumor Inoculation in a Protected Area after a Local Exposure of the Subcutaneous Tissue to X-Rays.
In order to determine whether the exposure to x-rays of a small area of subcutaneous tissue affects the general resistance to cancer grafts, a series of thirteen mice was operated upon and after the skin flap was made on the left side of the abdomen they were x-rayed over the open wound and then the flap was sutured back into place. Cancer grafts inoculated immediately afterwards in the right side resulted in tumors in 76.9 per cent of the animals, or in about the proportion observed in normal control mice.
Histological Changes after Direct Exposure of the Subcutaneous Tissue to X-Rays.
Two series of twelve mice each were shaved, and under ether flaps of skin and subcutaneous tissue were made over the left lower abdominal region. One series was x-rayed with an erythema dose directly on the under side of the skin flap and on the denuded surface of the" abdominal muscle, the remaining parts of the animal being protected by sheet lead. The other series was operated on in the same manner but not x-rayed. The wounds in both were sutured with great care as to the approximation of the skin edges. The animals were killed in groups of two, 24 hours, 3, 5, 7, 9, and 14 days after operation for examination.
Up to the 5th day the process of repair formed such a prominent part of the picture that it was impossible to detect any difference in the extent and character of the cellular infiltration from histological study. The 7 and 9 day preparations, however, in which the process of repair was in the last stages, showed distinctly that while in the animals not x-rayed only a layer of new connective tissue between t h e subcutaneous and muscle layers was slightly infiltrated with round cells, in the x-rayed animals large numbers of lymphocytes occurred, chiefly in the loose connective tissue, and in about half of the animals examined these cells had infiltrated the thickness of the muscle and formed a heavy layer between the muscle and the parietal peritoneum. At the end of 2 weeks this lymphocytic infiltration, although still evident, had subsided somewhat.
Two other groups of mice were operated on in the same manner as in the preceding experiment, and one of the groups was given a dose of x-rays over the exposed subcutaneous tissue and muscle. Before the skin flap was sutured back into place each animal received a cancer graft into the connective tissue underlying the flap. The microscopic appearances of the sections of tissue taken at intervals from the animals were so complicated, through operation, x-ray treatment, inoculation of tumor, natural differences in susceptibility, and in some cases, mild infections, that no conclusions in regard to the cellular reactions could be drawn.
DISCUSSION.
The observations reported in this paper bring out the fact that x-rays can be made to induce a local change in the subcutaneous tissue similar to that which this agent will induce in the skin. This change, in both instances, renders the locality resistant to the growth of implanted &mcer cells, but does not affect the general resistance of the animal. This is an additional point to be taken into consideration in determining the method of treatment and the interpretation of clinical results following the use of x-rays as a therapeutic agent. The clinician has rarely taken into account other possibilities than the direct destruction of the cancer cells.
X-rays under certain conditions materially increase the general resistance of the body to cancer, an observation made in this laboratory, 4 and later confirmed and extended by Russ, Mottram, and their coworkers. 6 On the other hand, excessive doses of x-rays are capable of lowering both natural and induced resistance to cancer. ~ The amount of this agent required to kill mouse cancer cells is many times that which can be tolerated by the skin, yet as shown above a mild erythema dose is sufficient to render the skin and under proper conditions the subcutaneous tissue antagonistic to the growth of implanted cancer. It is undetermined which of these various qualifies of x-rays are responsible for the successes and failures in the treatment of human cancer. It would seem of prime importance to estimate the relative value of these effects, for it is not beyond the possible that a method of treatment could be devised which would make use of the favorable and eliminate the unfavorable action of this agent.
SU~M~RY.
An erythema dose of x-rays given direct to the exposed subcutaneous tissue and muscle greatly diminishes the susceptibility of the exposed area to transplanted cancer. The same dose given over the intact skin does not affect the resisting power of the underlying subcutaneous tissue, Histological examination shows that a few days after the exposure of the subcutaneous tissue there is a lymphoid infiltration of this tissue, which infiltration sometimes includes the muscle layers as well.
